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ABSTRACT

The floodplain vegetation of Rock Creek near Red Lodge,
Montana was studied with a view to learning more about the
relationship between riparian vegetation and trout habitat.
The major objectives of the study were to: (1) gqualitatively
and guantitatively describe the vegetation, (2) delineate the
successional stages and relate the sequence to soil and other
environmental factors, and (3} compare two adjacent sections
of floodplain, one essentially undisturbed and the other
heavily grazed. The vascular plants occurring on the flood-
plain and nearby land forms were collected. The vegetation
was sampled with permanent plots within and belt transects
across the floodplain. Soils were sampled at two levels and
analyzed for several physical and chemical properties.

The undisturbed vegetation of the Rock Creek floodplain
consists of several strata. The tree stratum is composed
nearly entirely of Populus txrichocarpa. The tall shrub stratum
has the following constituents: Cornus stolonifera, Salix sp..
Prunus virginiana. Alnus incana, Betula occidentalis and

Crataequs douglasii. Rosa acicularis, Symphoricarpos albus and
Rubus idaeus are the most abundant taxa in the low shrub stratum.
Characteristic herbaceous species occur under the woody vege-

tation, depending upon soil, water, light and the degree of

disturbance.

Five successional stages, from Pioneer Stage to Mature
Forest, have been designated and their floristic compositions
corpared. Soil samples were collected and analyzed from each
of +hese successional stages. Most soils are sandy. especially
in early successional stages. There is an increase in the
amount of organic matter, potassium and phosphorus with vege-
tational develcopment. Conductivity and l5-atmosphere mocisture
retention percentage are alsc greater in the advanced succession-
al stages.

The essential elimination of the two shrub strata and the
marked changes in the floristic composition of the herbacecus
vegetation indicate the effects of burning, clearing, grazing,
flooding and stream course alteration within the ficodplain.






INTRODUCTION

Statement of the Problem

The floodplain may be described as a strip of relatively
smooth land bordering a stream and overflowed at time of high
water {Leopold, Welman and Miller, 1965). For millions of
years flood plains have been centers of-biological activity.
The earliest agricultural settlements appear to have been those
along tributaries of the lower Euphrates and Tigris rivers,
and are now dated at around 7000 B.C. The kind of agriculture
made possible by ixrigation and the domestication of grasses—-—
wheat, barley and rice--was permanent and demanded a large
scale cooperation that led in turn to a closely knit social
orqanizatidn. The cultivation of irrigated lands that tied man
to the river valleys led invariably to the development of
cities with their gfanaries, market places, administrative
centers and religious rites {Bardach, 1964). Today one finds
that the centrality of rivers in human life has brought about
profound conflicts of interest. Some of these interests include
the preservation of an adegquate water supply, the prevention of
pollution, the contrcol of floods, the continuation of high
agricultural productivity and the maintenance of desirable
recreational areas for a population with increasing leisure
time.

The present problem, although not concerned with a large

river, manifests many of the interesting aspects which are
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heing dealt with in connection with larger riverxs. The study
was supported by the Montana Fish and Game Department and the
Mentana Cooperative Fisheries Unit with a view to learning more
about the relationship of riparian vegetation to tyout habitat.
The primary objective was to gualitatively and guantitatively
describe the vegetation. In addition, the successional stages
leading to the mature flood plain forest were delineated. To
as great a degree as possible the successional stages were
related to environmental factors. The Factors influencing
succession appear to be flooding, clearing, burning, grazing
and mechanical stream course alterations. The study further
invelved the comparison of two sections along the stream which
were nearly equivalent in area. One area is heavily grazed by
cattle, while the other is essentially undisturbed by grazing,
clearing, burning or alteration practices. The latter will

hersafter be referyred to as the natural area.

Description of the Study Area
Rock Creek originates at Glacier Lake on the Beartooth
Plateau of Montana and Wyoming (Pigure 1) . 7The headwaters are
pear the Montana-Wyoming state boundary at an elevatlion of
approximately 8600 feet above sea level. The stream flows
northeasterly 59 miles until it joins the Clark’s Fork River
of the Yellowstone River Drainage. Most of Rock Creek would

e classified as a straight stream {Leopold et al., 19653}
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Figure 1. Map tracing the route of Rock Creek from origin at
Glacier Lake to Roberts, Montana.



- -

although in areas of heavy stream-side vegetation it may become
a braided stream. ‘The channel lacks most of the characterisgtics
of 3 meandering stream (Matthes, 1941}. AL the United States
Geclogical Survey recording station approximately four miles
above Red Lodge, Montana, the stream has a drainage area of

124 sguare miles. It should be pointed out that this does not
include the West Fork of Rock Qrg@k and a few other small trib-
utaries between the station and the study area. However, the
station is also above the point at which water is diverted out
of the stream for irvigation. This means that the recording
station probably accurately reflects the natural discharge
characteristics of Rock Creek. During late summer the volume
of flow is generally less at the study area than in the upper
reaches due to lrrigation aseq. The 20 miles of stream above
Red Lodge have an average gradient of 128 feet per stream mile,
while the 23 milss between Red Lodge and the mouth of Red Lodge
reak have an average gradient of 66 feehb.

Flood plain vegetation is probably most seriocusly affected
by maximum discharge as opposed to either minimum discharge or
average daily discharge. This is due to the fact that the maxi-
mum discharge usually cccurs during flood or near flood condi-
tions and does the most to physically alter the stream banks and
fiood plain. Table I presents the maximum discharge, minimum

discharge and average dailyv discharge for the vears 19851 to 1966
) v g Y
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Table I. Maximum discharge, minimum discharge and average dally discharge
{cfs) of Rock Creek near Red Lodge, for the years 1951 to 1966,

YEAR MAXTMUM MINIMUM AVERACGE
1951 1460 28 199.8
1952 2590 30 182.2
1953 1300 2% 148,9
1954 1570 18 149.6
1955 578 14 115.2
1956 1800 2 203.6
1957 3110 16 233.4
1958 1250 23 160.6
1959 1200 25 179.2
1960 680 27 118.7
1961 674 22 125.3
1962 912 23 174.2
1963 1120 15 180.6
1964 | 1330 2 | 156.3
1965 1450 24 214.0
1966 1230 22 154, 1

Mean _ 1390.9 22.4 168.5
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recorded at station 6-2095 of the United States Geological
survey (Rock Creek near Red Lodge. Montanal in cubic feet per
second (U.S. Geological Survey, 1951-1960; 19611966} . The
maximum flow during these vears has been recorded from May 15
to July 21 with the average date being June 14. The minimum
discharge is more variable, occurring during the first four
months of the calendar vear with the average date being Febru-
ary 19. PFigure 1 indicates the disgtribution of discharge over
the year. The points plotted on the graph are the average dally
flow for each month averaged for the years 1951 to 1966. It
is easily observed that late spring and summer are the pericds
of highest average discharge. This is alsc the periocd when
plants are most active @hysiaiegiﬁaiiyg The results of this
study will show which species and which plants have been most
successful in perpetuating themselves in relation Lo variocus
environmantal siresses.

At its origin, the substrate of Rock Creek is Precambrian
gneiss, schist, marble and associated rocks of the Cherry Creek
series, pre-Cherry Creek formations and the Stillwater ignecus

outh of Red Lodge, the creek flows

E{H

complex. Hear Mount Maurice,
through Mississippian, Pennsylvania and Permian rocks of the
Madison group and Amsden, Tensleep and Phosphoria formations.
These Paleczoic formations are largely carbonates, sandstones

and thin limestone. Near the point where Rock Craek emerges
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from the mountains several Mesozolc formations occur. These
include the Lower Mesozoic Ellis group, Morrison formation,
Kootenai formation, Dinwoody Fformation and the Chugwater for-
mation. These formations are composed of shale, limestone and
sandstone (Perry, 1962; McMannis, W. J., personal communication
1967). It is in this area that the spectacular limestone and
dolomite palisades occur. Evidence (Alden, 1932) indicates that
the valley north of Red Lodge through which Rock Creek flowé
was glaciated fto a point aboul Lhree miles south of Red Lodge
where the creek emerges from the mountains. The first indica-
tion of a terminal moraine was found two or three miles above
the canyon mouth. The glaciation of this area poourred during
the Wisconsin glaciation of the Pleistocene epoch. Below Red
Lodge the flood plain becomes broader and better defined. How-
ever, it is still bordered by high benches along with inter-
mediate terraces and alluvial fans. These cut terraces and
planated surfaces are mostly covered by deposits of gmoothly
worn nonglacial gravels derived from the mountains and in places
cemented to conglomerate., Also included is some gravel probably
derived from older and higher terraces. Some of the terraces
and gravel are overlain by drift from the Wisconsin and Iowan
or iIllinoian stages of glaciaticon {Alden, 1932). Fort Union
is the major formation which occurs below the gravel. The stream

.
e

may cut into this formation of shale, sandstong and ccal a
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various places. There are intrusive and extrusive igneous
rocks composed primarily of andesites which occur along the
stream. Much of the stream below Red Lodge is bordered by
alluvial materials of various sorts (McMannis, personal commun-
ication 1967).

The soils of Carbon County have not been surveyed as yet
and only a provisional description is available. The main soils
along Rock Creek are shallow, gravelly soils. They have the
following profile characteristics:

0 to 3 inches Dark gray heavy loam with weak

fine granular structure, non-
calcareous, pH 6.0.
3 to 17 inches Dark brown clay loam with pris-
matic to blocky structure, non-
calcareous, pH 6.0.
17 plus inches Brown gravelly clay loam. Rocks
are cf mixed origin but primarily
granite, quartz and argulite, non-
calcareous, pH 6.0.
There are areas of deep, dark cclored alluvial soils that have
a mollic epipedon for 12 inches over a stratified substratum
for 10 to 30 inches {Brunsvold, personal communication 1%67).

The major study area {Figure 3) is located approximatel
8 miles north of Red Lodge, Montana. The natural area is called
the Water Birch Fishing Access and the grazed area is part of
the holdings of the Ruiter brothers who graze cattle and produce

hay in the area. Three other fishing access sites owned by the

Montana Fish and Game Department and located between Red Lodge
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Figure 3. Map of the major study area near Red Lodge, Montana.
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and the major study area were also investigated. Horsethief
Fishing Access is closest to Red Lodge being about four miles
north. The next site known as Beaver Lodge Fishing Access is
six miles north of Red Lodge near the hamlet of Fox, Montana.

Climatic records {(U.S. Weather Bureau, 1930; U. 8. Depart-
ment of Commerce, 1964-1966) have been kept at Red Lodge and
precipitation records have been kept at Roberts, Montana since
1951, Figures 4 and 5 present graphically the temperature and
precipitation data which is thought to be most representative
of the experimental areas. The temperature data at Red Lodge
{Figure 4) is probably comparable to that which could be
collected at the study area. In addition to the temperatures
shown on the graph it can be noted that the maximum temperature
of llOoF» was reccrded in June and the minimum temperature of
-40°F. was recorded in February. It is thought that the maxi—
mum of llOOF. in June may be anomalous, since both July and
August consistently have both higher average temperatures and
higher average maximum temperatures. The average number of
days from frost in the spring to killing frost in the fall is
95 days with the average critical dates being June 6 and Septem-
ber 9. 1t may be noted that nearly half cof the average annual
precipitation comes during the months of April, May and June,
with cnly the winter months falling well below the monthly

avorage of 1.34 inches. At Red Lodge the average annual snow-
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£311 is 107.50 inches which is eguivalent to about 10.75 inches
of precipitation. This is over half of the annual precipitation
of 19.82 inches at Red Lodge. Significant snowfall occurs in
each month except June, July, August and September. Although
these climatic data are valuable in assessing the overall cli-
mate of the study areas, some caution in interpreting them
should be exercised. Flood plain vegetation is apparently more
dependent upon the guality, guantity, periodicity and distri-
rution of ground water than upon precipitation per se.

The flood plain and terraces of Rock Creek have been sub-
iected to considerable domestic activity, especially since the
closing of coal mines near Red Lodge in about 1930. This
activity has taken the form of clearing, burning, grazing and
mechanical alteration of the stream course. The natural area
was purchased by the Montana Fish and Game Department about
1962. Prior to that time it was guite undisturbed except that
twe horses belonging to the former owner occasionally visited
the area. The adjoining grazed properiy is currently grazed by
about 40 head of mature cows for seven months of the year. In
addition the calves born in the spring graze the area until sold
in the fall. 7The history of the other sites owned by the Montana
Fish and Game Department is variable, but none has been as heav-
ily grazed as the Ruiter property nor as undisturbed as the

natural arsa.
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Some areas below Fok; Montana have been treated under the
Agricultural Conservation Program {ACP} F-3 practice. The F-3
practice approved for federal cost-shares with specifications
for work on Rock Creek below Fox, Montana is as follows:

Removal of trees and debris from stream channels as
well as minor realignment made necessary because of
unusual flocd conditions. This practice is appli-
cable in those cases where stream channels have been
blocked by trees and debris which have been cast into
the main stream and potential damage to adjioining
farm and crop land and irrigation diversion works.
Cost~sharing will be allowed in those cases where
removal of such debris is necessary for protection
of farm and crop land. Cost-sharing will be allowed
for the removal of debris from the channel such as
trees, brush, stumps and log jams which may cause
erosion nr channel change. Also, cost-sharing will
bte allowed for minor channel realignment for the
improvement of existing channels for the protection
of stream banks from erosion. This work is limited
to removal of gravel, stumps and sediment bars with-
in the present banks of the stream. {(Nelson, 1958}

One of the critical points concerning the management of
flood plain areas appears to be the assessment of damage.
That is, there is a rather broad latitude of opinion as to
whether unusual erosion {(that above normal erosion and meander-
ing) is due to the occurence of abnermally high flows as in
1957, or to excessive use of the fiood plain so that important
understory shrubs are eliminated making the banks wrore easily
eroded. Fisheries bioclogists {Nelson, 1958: Nelson and Hill,
1960) think that the basic prcblems cohcerning the multiple use

of fleocd plains are not being sclved by present programs.



DISCUSSION OF THE LITERATURE

Geomophology of Floodplains

The physicgraphical features of a floocdplain may bhe of
greater significance than they are in some other kinds of
vegetation. The general trends of floodpliain vegetational
development have been found to be closely related to the natﬁfe
of the alluvial substrate and to water levels.

A recent book {Leopold et al., 1965} reviews very ade-
guately the literature asscciated with fluvial processes in
geomorphology. This work also sunmarizes previous papers by
Wwolman and Leopold which are especially pertinent to the pres-
ent study {Leopold and Wolman, 1957, 1960:; Wolman and Leopold,
1957} . Maior features of river floodplains have fraguently
resn described in the literature. There is general agreement
on the designation of these features, although the origins of
some of them remain in doubt. A floodplain would include river
channel, oxbows, meander scrolls, sloughs, natural levees, back-
swamp deposits and sand splays. On larger rivers guch as the

Mississippi, the Sacramento, cr the Mikong, the majority of

r

hese features are distinctly displayed in what might be callsda

{

the classic model. On smaller streams, howsver, many of them.
may be hard to distinguish as the flcodplain deposits are sub-

iect to rapid removal and alteration {Leopold et al., 1965}
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Two related processes are probably responsible for the
formation of most of the floodplains of the great rivers of the
world. The first type is the point bar deposit; the second i8S
the overbank deposit. The two types of deposiis may reaspectively
be described as deposits of lateral and vertical accretion.
Desoite the distinction between the two in the literature, it is
often difficult to distinguish betwsen them in the field., The
modes of deposition are, nevertheless, different. Basically
overbank deposits consist of material deposited from high water
flowing ox standing outside of the channel. Point bars origi-
nate within the confines of the channel. Despite the difficulty
involved in distinguishing between them, for purposes of dis—~
cussion the distinction continues to be a useful one. The
yelative amocunts of channel deposits or peint bars and overbank
deposits vary, but on the average, the proportion of overbank
material is small. This conclusion is supported by the uniform
frequency of flooding and by the small amount of deposition
cbserved in great floods. Lateral migration, ralatively high
velocities which can cccur in overbank flows, and the decreass
in sediment concentration at high flows contribute to this
result. Freguency studies indicate that many Ffloodplalns are
subject to flooding at approximately vearly intervals {(Wolman

and Leopold, 1957).



— 38 -

The floodplain can be transformed into a terrace by some
tectonic, climatic or man-induced change which alters the
regimen of the river, causing it to intrench itself below its
established bed and associated floodplain. Lateral migration
of & stream across its floodplain takes place with almest no
change in channel width. The volume of material deposited
tends to be about egqual to the volume eroded and only when the
stream ercdes laterally into terraces or hillsides higher than
the floodplain does the volume ercded exceed the volume deposit-

ed (wolman and Leopold, 1957).

Vegetation of Floodplains

Shelford {1963} observes that the constant shifting of
channels, islands and bars in the floodplaing of rivers pro-
vides continuous new ground for the initiation of sSUCCession.
The resulting seres often stop short of the climax of the
region due to the regular flooding that occurs. This makes the
river floodplains as important as sand areas for the study of
community development patterns. The early stages of seral
development are similar throughout most of North America north
of ZSG latitude (north). The important sand bar willow {Salix

interior), black willow {Salix niara), cottonwood {Populusg

deltoides) are widely distributed. On the basis of Shelford’s
work and that of others, zonation of vegetation is probably

the most widespread cbservation concerning fioodplain vegetation.



Lindsey et al. {1961} state:

As Dansereau {1957 wrote, "Our £irst clue to the

process of seral movement is in the relative spa-

tial positions of belts or zones, for a contact

always makes a transition, an invasion or a replace-

ment possible.” Zonation in the flood plain habi-

tat is a clear and often striking phenomenon.

Theoretically, all such zones can be placed along

a physiographic gradient from the main stream

channel to the most mesic site of the floodplain

proper. One may thus envisage a gently sloping

bank where each respective seral stage cccurs in

ascending order, with space representing time in

the successional sequence. Both allogenic (physi-

cal) and autogenic (biotic) processes of succession

are involved.

The work of several investigators indicates the importance
of vegetational zonation, the relationships of organisms to
envirommental gradients and the many specific differences found
in different geographical areas. Lindsey et al. (1961) found
that the riparian vegetation of both the Tippecanoe and Wabash
Rivers of Indiana occurred over eight clearly defined physiog-
nomic zcnes. In another important study Wistendahl (1958)has
investigated the floodplain of the Raritan River, New Jersey.
He found that in general, recognizing the differences in vege-
tation along the length of the river, there are four physic-
graphic communities on the Raritan River floodplain. The floocd-
plain of the Mississippi River, especially in northwestern
Tennessee, has been studied by several investigators { Putnam,

1932: Fisk, 1944; Shelford, 1954} and is reviewed by Shelford

{1963} . Eight successicnal stages have been found from an
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river would probably have a broad floodplain with many taxa
and relatively well-defined communities. A& younger, smaller
stream would nct have altered the floodplain te such an extent
and communities would not be as well defined.

It should be pointed out that floodplains would not inher-
ently be expected to exhibit vegetational zonation. In fact,
a recent study by Campbell and Dickwéeddie {1964} of phreatophvte
communities has not shown a distinct zonation of vegetation.
These investigators found that in general no distinct breaks
or ecotones occurred in the composition of the narrow band of
river vegetation; it formed a continuum with gradual and almost
imperceptible changes between dominant and subdominant species
as one moved {north or south). This lack of zonation would be
more characteristic of ephemeral streams and streams with lower
discharges than of the large rivers of the eastern United States.

Iin addition to studies of floodplain zconation and associ-
ated problems several other aspects of floodplain vegetation
have been investigated. Several studies have been undertaken
with a view to elucidating successional phenomens in flood-
plains. McVaugh (1947, 1957) has studied the establishment of
vegetation on sand flats along the Hudson River, New York, and
Bliss and Cantlon {1357 have studied succession on river alluvium

in northern Alaska.
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other studies have directed attenticn primarily toward the

?"‘n

forestz which oocur on floodplains. Lee {1545} conducted an
ecological study cof the floodplain forest along the White River
system in Indiana. Hosner and Minckler [1963) have emphasized
the regeneration and succession of bottomland hardwood forests
of southern Illinois. Rice {1965) investigated the vegetation

and edaphic factors assoclated with the bottomland forests of

north~central Cklahoms.

The Floodplain Bcosysten

The floodplain ecosystem varies according Lo such factors
as the nature of the stream, nature of the substrates, sleva-
tional differences. regional climatic differences and regional
vagetational differences. The volune of fiow of a stream is
and has been important in determining the phyvsiographic nature
of the floedplain. Floodplain soils have not been intensively

studied probably because of the constant ercsion and depoesition

b
P

i
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==

which occours. Howevey, investigators have found that the soil

factor mav be more uniform than other important floodplain habi-
high in important nutrients (Weaver, 12607 and 1t has baen
concluded by Wistenamhl {1958} that differences in scil pro-
files are explicable on the basis of stream velocity, digtance

from the channel and the conseguent tvpes of deposition. With
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time and deposition relatively small elevational differences
within the floodplain may be cleosely associated with character-
istic vegetation. The floodplain ecosystem is influenced pri-
marily by the ground water supply and precipitation affects
the vegetation largely as it contributes to ground water. How-
aver, the regional and local temperatures are of importance and
plants are attuned to these temperatures. The vegetation of
floodplains may be thought of as ocoupying a compensating habl-
tat in the sense that it is dependent on ground water tc a
greater or lesser degree. In general floodplain vegetation
occupies sites that are wetter than the climax vegetation of
a given region. As with most ecosystems these points indicate
that the floodplain is the product of a multiplicity of factors
operating in a hetercgeneous snvironment. In this ecclogical
system the variables are changing in rate, duration and extreme

values.



THODS

Collection of Plant Spscimens
Plant speciments were collected during ecological recon-
naissance of the experimental areas, primarily during the summer
of 1964. Some additions were made during the summers of 1965
and 1966. A total of 182 species of vascular plants represent-
ing 44 famillies were collected. The authority for plant names

is Flora of Montana: Parts I and II {Booth, 1950; Booth and

Wright, 1959). Voucher specimens of the plant species collected
have been placed in the Montana State University Herbarium,

Bozeman, Montans-

%

Vegetational Sampling

ample the vegetation of the

n

Two methods wers used Lo
experimental areas: (1) permanent plots located in grazed and

matural areas, and {2) belt transecks across the entirs flond-

plain. Within the sanpliing units of these two methods several
characteristics of the vegetation were recorded.

Fifteen permanent plots were locatad ln the natura 2l area
and 15 were located in the grazed area. These plots ware placed

in areas thought tc represent the vegstation most pravalant in

meter intervals along two parallel norih-south compass linss.
In the grazed area the plots were also placed along Wwo paralisi

north-south compass lines, but the grazed area naturally dividad-
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into three different stands and five permanent plots were
located in each of these stands in the manner described prev-
iously. The plot system consisted of 0.5 x 2.0 meter plots
and 1.0 x 4.0 meter plots nested within a 5 x 20 meter plot.
The 5 x 20 meter plot was oriented with the long axis perpendi-
cular to the east of the north-south compass line. The south-
west corner of each 5 x 20 meter plot was marked by a two-foot
cement post placed deeply enough below the ground surface so
that approximately four inches was exposed.

Within the 5 x 20 meter plots the trees were counted by
size classes with the classes being:

0-1 decimeters in diameter at breast height

lesg than 1 meter tall

greater than 1 meter tall
1-2 decimeters in diameter at breast height
2-3 decimeters in diameter at breast height
3-4 gdecimeters in diameter at breast helight
4-5 decimeters in dizmeter at breast height
5-6 decimeters in diameter at breast height
In addition, the heights of the trees in the ploi were measured
with a clinometer, the diameters at breast height were measured
with a diameter tape and an increment core sample o©f each tree
in the plot was taken at ground level. The end of the 1 x 4
meter plot was located at a point five meters east of the marker
post. At this point, designated as the center, the plot was
oriented parallel to the north-south compass line for a distance

of four meters to the north. Within the 1 x 4 meter plot all

shrubs were counted. The cover of the shrubs was determined
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along a 25 meter line which constituted the west and south sides
of the 5 % 20 meter plot {Canfleld, 1941). The center point of
the 0.5 % 2.0 meter plot was located at the same point as the
1 % 4 meter plot, and the plot was oriented with the long axis
parallel to the north-south compass line. Within the 0.5 x 2.0
meter plot the number of herbs was counted and an estimation of
cover was nmade. The cover of litter, bare ground, rock, mosses,
and lichens and water was also estimated. AL each permanent
plot marker an estimation of canopy COvVer was obtained using a
Model A Spherical Denstometer designed by Paul E. Lemon {18956).
Within the permanent plots of hoth areas an estimation of pro-
ductivity was cbtained. For shrubs a volume estimate was used
as an indication of the volume of production. This amounted to
multiplying together radius squared, pi and height {Cook, 1960).
To estimate production of herbs all 0.5 x 2.0 plots in the nat-
ural area were clipped. In the grazed area the grazing animals
were used to calculate an estimation of herb production.

Transects are noted for usefulness in indicating transitions
in vegetation {Can and Castro, 1939: Phillips., 1959} and hsve
been found to be very satisfying as 2 method for the study of
floodplain vegetation in at least one instance (Weaver, Hanson,
and Aikman, 1925). A total of seven transects were analyzed in
this study. 7Two were located in the natural aresa, two in the

grazed area and one iln each of the other three study areas.
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Those located in the natural and grazed areas extended from the
first major terrace on the west of the flcoodplain to the high
bench on the east of the floodplain. The other three trans-
ects only included the floodplain proper. Transects were spaced
so as to be as far from each other and from the boundaries of
the study areas as possible. In some cases the transects could
not be ideally located‘because of buildings or agriwmitural
fields. The transect was initiated at the west end and an east-
west compass line was used as the direction. The transects may
be thought of as a series of nested plots. FEach 10 meter sec~
tion became a plot. Trees were counted one meter on each side
of the line. Shrubs were counted one-half meter on each side
of the line. At five meter intervals along the line a 2 X 5
decimeter plot was analyzed {Daubenmire, 1959) for number and
cover class of herbaceous species. The line intercept (Can-
field, 1941) was used along the entire iength cf the line to
determine shrub cover. Trees occurring in the 2 x 10 meter
plots were also measured for diameter at breast height. Thus
for the transects there resulted a series of nested plots which
were 2 X 10 meters in size for trees, and 1 x 10 meters for
shrubs with two 2 x 5 decimeter herb plots per nest (Wistendahl,
1958 .

It should also be pointed out that 2 x 5 decimeter plots

were analyvzed in areas thought to be successicnal stages. The
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plots were placed along lines at five meter intervals and since
the areas sampled were generally long and narrow, one, or at
most two, lines of various lengths were analvzed.
Approximately 250 tree cores were extracted from Populus

trichocarna and Populus tremuloides. These increment core

samples were examined and the growth rings counted., Ags was
related to height and diameter of the tree. The ages of trees

were used to make inferences about the successional seguence.

Seil Bampls Collection and Aﬁaiyses

The cobiective in observing scil profiles and collecting
so0il samples was primarily to relate the vegetation development
pattern te soil characteristics. Thus, two soil pits wers dug
in aress which represented sach of the five major successional
stages. GSo0il samples were taken from these pits at appropriate
levels for laboratory analvsiz. Field determinations of horizon
depth and thickness, texture, structure, consistency and bound-
aries, and dry and moisl color were made where appropriate.
Taewture, structure, consistency and boundaries were recorced
on data sheets designed after those of the Scil Survey Starff
(1951). Colors were determined using the Munsgell color notation
{Soil Survey staff, 1951).

Samples collected from each representative profile were

analyzed by the Plant and Soil Science Department, Montana State
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University. The samples were analyzed for organic matter
{Jackson, 1958}, available potassium {Anonymous, 1954}, avail-
able phosphorus (Olsen, Cole, Watanabe and Dean, 1954}, pH of
saturation paste and conductivity of saturation extract (U.S.
Salinity Laboratory Staff, 1954). In addition the l5-atmos-
phere moisture retention percentage test (U.S. Salinity Labor-
atory Staff, 1954) was performed and the samples were subjected

te mechanical analysis {Bouyoucos, 1936}.



REBULTS

gualitative Description of the Vegetation
The undisturbed vegetation of the study areas, at the

present time, is composed of four physiognomic strata (Figure

6}, The tree stratum is essentially entirely Populus tricho-
carpa. These trees have a maximunm height of about 40 meters in
the study area. The average height of trees measured 1s about

20 meters. Populus tremuloides occurs along the west terrace

of the fleodplain and in some other areas. Isolated individuals

af Pseudotsuda menziesii, Pinug gontoria and Pinvs pondeyosa

wers cobserved in the floodplain but all appeared to be lacking
in vigor. The tall shrub stratum is composed of the following

important species: Corpus stolonifera, Salix sp., Prunus

virginiana, Alnus incana and Betula cccidentalis. Populus

trichocarpa saplings are also very important. These shrubs

occcupy the space from two to six meters above the ground. The

important low shrubs include Rosa acicularis., Symphoricarpos

albus and Bubus idacus, These shrubs are, in general, less than

one meter tall. The field layver of plants is composed of the

following important taxa: Calamogrostis canadensis, Adrostis

alba, Poa pratensis, Rudbeckia laciniata, Carex sp., Smilicina

stellata, Sclidagc occidentalis, Aster canesceng and Egulsstum

arvense. Mosses and lichens occurred in nearly 5 percent of the

plots and covered about 1 percent of the ground surface.
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The areas which have been cleared and grazed would
possess, in some degree, all of these strata {FPigure 7}.
However, the two shrub strata become largely eliminated, and

Crataegus douglasii becomes very important in the heavily grazed

areas. The field layer becomes radically altered in species

composition under heavy grazing. One species, Eoa pratensis,

becomes the dominant taxon and species not present in the
natural areas become important. The important herbaceous plant

taxa in grazed areas include Taraxicum officinale, Trifolium

dubium, Plantago maior, Trifolium repens, Cirsium vulgare and

Cerastium viscosum.

A successional sequence has been determined from examina-
tion of the study areas, and the successiocnal stages will be

considered later.

Quantitative Description of the Vegetation

The guantitative analysis of the vegetation of Rock Creek
is based upcn data derived from the permanent plots located in
the natural area and the grazed area, and also from transects
across the flocdplain in ths study aress.

Table II is a comparison of average density, cover and
frequency values of trées and shrubs bassd upon data recorded
in permanent plots in natural and grazed areas. As stated

previcusly, the only tree which occurs in ths Floodplain in
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rable I1. Comparison of average density, cover and frequency values of
trees and shrubs for permanent plots in the natural and grazed

areas
HATURAL GRAZED
Di ¥ DL B
TREES P ‘
Populus tremuloides o ——— 0.2 13.3
Populus trichocarps 86.7 73.5
dbh: ¢ ~ 1 dm.
ht: 1 =, 1.0 40.0 2.3 60.0
bt 1 m, 8.7 40.0 - = e
dbh: 1 « 2 dm. 0.3 13.3 0.7 46,9
dbh: 2 - 3 dm, 8.5 26.7 0.5 3.3
dbh: 3 = 4 dm. 8.5 33.3 0.4 26.7
dbh: & =« 3 dm. 6.2 13,3 e o o
dbh: 5 - & dm. 0.2 20,9 e s
DIF RC F D2 RC F
TALL SHRUBS
Alnus incana 0.7/1.6 30.4 26.7 0.2/0.2 30.¢ 6.7
Amelanchier alnifolia 0.7/0.3 0.1 26,7 0.l/ewe ==== 13.3
Betula occidentalis @ = r~ecece- 3.0 =-e= eerscws 2.6 eomo=
Cornus stolonifera 2.7/2,2 17.9 73.3  wemess= wmmm S
Crategus douglasii 0.4/0.3 0.7 20.0 0.1 /--- 24,9 13.3
Prunus virginiana 1.5/6.3 6.9 40.0 0.1f/--- 0.5 13.3
Saxis amygdaloides = =  =s=e=oe 1.3 ===~ ~-==/0,5 21.6 13.3
Salix sp. 0.5/1.0 13.7 33.3  eosce= 9,8 wom-
LOW SHRUBS _
Juniperus commupis @0 6=-=== we 0,3 wees  0,1fe== 1.6 8.7
Juniperus horizontalis §.3/cee ssee  §,7 mmemow= 1.6 ===
Ribes sp. 0,2/ev= 0.7 13,3  =eeecm== sees  wsow-
Rosa aclculsris 7.9/6.3 8.6 80.0 1.8/--- 3.6 40.0
Rubus idaeus 1.2f/aee 0.7 33,3 eccow=e wese oo
Shepherdia canadenis G, 1/=== 1.0 6,7 ~oeccce= == mmee
Symphoricarpoes albus 14.8/=== 5.8 73.3  oeeww= 0.7 ====
SYMBOLS
bl - number per 100 square meters # - pumevator indicates suwber less
D2 - number per & square meters than 1 meter tsll and denomina-
F = frequency {percent) tor indicates number greater
BC = relative cover than 1 meter £all,
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important numbggs is Populus trichocarpa. The upper portion

of Table II indicates that there are important differences in
the distribution of size classes of trees between the two areas.
All size classes are represented in the natural area while sev-
eral are missing in the grazed area. Of most significance is |
the difference between the two areas with regard to saplings in
the 0~1 dm. dbh class and greater than 1 meter tall. This size
class is completely missing in the grazed area due to the fact
that cattle browse the saplings neavily and do not allow them
Lo grow.

The average basal area coverage of Populus trichocarpa

in the natural ares is 5733.18 sguare centimeters per 100 sguare
neters, and that in the grazed area is 3690.29 sguare centi-
meters. The dverage cancpy cover in the natural area is 71.53
percent and in the grazed ared it is ©6.20 percent. ﬁcwever;.
the difference between means is not significant by the t-test
or by the sign test @f.ﬂeﬂ§aram$iric statistics. Fram data to
be presented later it would appear that the absence of trees
in the two largest size classes is not significant but merely
reflects the placement of plots.

The tall shrub stratum is also of very different composi-

tion in the two areas. Ho tall shrub except Salix amvgdaloides

increases significantly in importance when the grazed area is

comparsd to the natural area. Crataegus deuglasgii decreases in
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density and fregquency but becomes much more important with
regard to cover in the grazed area. The increase in the

importance of Crataegus douglasii will be more evident when

transects in various areas are compared. The most frequently
cccurring low shrubs are all either eliminated or much less
important in the grazed area.

The species composition and guantitative measures recorded
are alsoc quite different in the two areas with regard to the

field layer plants {(Table II1}. There are only five species of

plants common to both areas {(Eoa prateusis, Rudbeckia laciniata.

Taraxicum officinale, Aster canescens, Phleum prateuse), indi-

cating the differences in composition. It should alsc be
noted that the grazed area is dominated by a single species,

Poa pratensis, while the natural area has several species with

comparitively high importance values. This indicates that the
plant communities in the natural area are more diversei e
species which are common to the twoe areas have also changed
their position of importance.

The permanent plots were alsc used as the areal basis for
an estimation of the production of shrubs and herbs. A volume
estimate of shrub production indicateﬁ that in the natural
area shrubs cccupied an average volume of 835.30 cubic meters
above each sguare meter of ground surface. In the grazed area

shrubs occcupied 6.67 cubic meters above each sguare meter of
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Table IIT. Comparison of density, cover, frequency and importance value
for important herbaceous spesices cccurring in permesnent plots
in the natural and grazed sreas.

HATY %%ﬁ%iﬁﬁ;g ﬁavergj ?raquaﬁcyéi Ec§n§!
Calaporgrestis canadensis 4,12 3.52 60.6 58.70
¥os pratensis 1.40 1.92 44,0 28.49
Budbeckia lacinizta 3.52 $.27 33.3 24.99
Carex 3p. 1.38 1.3% 46 .7 24.77
Swilicing stellata 6,78 $.33 806.0 17.13
Taraxzcum officinsls .85 $.53 53.3 15.62
Solidago occcidentalis 0.60 .38 46,7 iz.22
Astey canescens 4.85 G.45 26,7 11.59
Cirsium arvensze $5.63 6.21 46,7 10.96
Equisetum arvense G.&2 §.21 40.¢ 9.01
Geraniuva reichardsonli (.45 .31 20.0 7 .48
Geum strictum 5,42 0,14 26.7 6.79
Gragaris vesca 0,43 0.30 13.3 6. .45
Agropyron subsecundusm .18 $.29 20.0 5.90
Phleum pratenss @,25 §.23 20.9 5,76
GRAZED

Fog pratensis 17.82 17.31 06,0 130.85
Taraxacum offlcinale 3.28 1.34 B6.7 25.92
Trifoliuvm dubium 1.48 1.17 66,7 17.25
Pleum pratense 1.21 1.23 33.3 12.42
Aster canescens .96 8.62 46 .7 11,10
Plantage major .96 8.51 40,0 4.86
Tribolium repens 4,57 0.&7 46,7 9.36
Agrosztis alba 0.55 .85 26,7 8.17
Browus inermisz .70 0,89 20.0 7.92
Cirsium vulgarse £,38 6.13 26 .7 5.01
Yiola sp, .25 0,12 26.7 4,57
Cevastium viscosum £,28 $.25 0.0 f,25
Linaria vulgaris 0.40 .37 13.3 &.26
Antennaris dimorgha .86 8.1 6.7 4,00
gudbeckia lacinlsta $.33 0.06 20.0 3.75

1/ saverage number per 0.5 = 2.0 meter plot

2/ sversge percent cover estimated in 0.3 z Z.0 wmeter plot

3/ percent occurrence in 15 plots

&/ sum of relative density, relative cover and velative freguency
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ground surface. On this basis the shrub production is approxi-
mately 13 times greater in the natural area than in the grazed
area. This supports other evidence indicating that the shrub
strata are the most important components of the vegetation to
be eliminated with clearing and continued heavy grazing.

To estimate production in the field layer two technigues
were employed. All of the 0.5 x 2 meter plots in the natural
area were clipped near the end of the summer. Thé material was
dried and weighed. It was found that the average production
of dry matter in the field layer of the natural area was 31.1
grams per sgquare meter. The estimation of production in the
grazed area was made by using the requirements of the grazing
animals as a basis. Records indicate that an average of 40
mature cows, 2 mature bulls and 35 calves are grazed on the area
and thus the number of animal units is 63.5 (Brown, 1954). The
animals are generally grazed in other fields for about four to
six weeks immediately following the harvest of hay in the lale
summer. 1In addition, the animals are fed hay for about four
months in the winter. There are thus approximately 444.5 {7 x
63.5) cow-months of use during the year. The area in which the
cattle graze is about 120 acres. If the number of acres is
divided by the number of cow-months it is found that 0.27 acres

are required per cow-month (Brown, 1954} . According to the

Handbook of Biclogical Dats (Spector, 1956}, & mature cow
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consumes 9.4 kilograms of hay per day. Hay has been dried and it
is probably similar to the amount of dry matter which a cow
would ingest during grazing. By multiplying together the num-
ber of cow-days and the number of kilograms ingested per day it
is found that 125,349 kilograms are consumed by cattle during
the grazing season. If this figure is divided by area grazed
in square meters (487,296} it is found that 257.2 grams per
square meter of dry matter are produced. Although this estimate
and the estimate based upon clipped plots are not obtained by
the same process, it is thought that these estimates give the
magnitude of the difference in production between the two areas.
It should be pointed out that the estimate in the grazed ared is
probably low since the area upon which it is based includes
much cobble and also the area of the stream surface. Conversely,
all of the clipped plots were purposely located on areas thought
to be most representative of natural floodplain vegetation. In
the present case, estimates in the grazed area may bhe low because
it is not known to what extent the cattle utilize the available
forage.

More extensive data was collected from the transecis across
the floodplain. The data used in the analysis of the transects
was restricted to the floodplain proper except in the profile
diagrams where the entire transect is considered. The se data

have been analvzed and are presented in the following pages.
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Tables IV is a matrix which makes all possible comparisons
between the seven transects based upon fregquencies of taxa.
These comparisons are based upon what has been termed the
Coefficient of Community {Jaccard, 1912; Gleason, 1820} or

the Index of Similarity (Bray and Curtlis, 1957: Curtis, 1959):

where a = the sum of freguency values from transect A

b the sum of fregquency values from transect B

W the sum of the lower of the frequency values for
all species common to both A and B.
This particular expression was proposed by Kulczynski {1927)
and has been widely used in ecology. The resulting index may
vary from zero for transects which have no measurement in common
to 100.00 for two gquantitatively identical transects.

Scrutiny of Table IV reveals that transects Ni, N2, BS,
BL, and HS are guite similar to each other. The lowest Indices
of Similarity among these cccur when BS is compared to the other
transects. All other compariscons are above 60. The table also
indicates that transects Gl and G2 are guite similar, although
not as similar as the undisturbed transects are to each cther.
The previously discussed transect BE is more similar to the

undisturbed transects than to the grazed transects and on this

basis there are two groups of transects: (1} GL and G2, and
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Table IV. Matrix of similarities of flood plaln transects based upon
frequencies of taxa.

Gl G2 Wl N2 BS BL HS

&1 100.00 53.19 33.92 28.82 36.08 41.52 29.35
e¥ 100.00 34,19 35.02 42.44 39.58 40.07
N1 1006.00 63.44 64 .48 61.25 65.81
N2 100.00 54,46 57.29 67.70
BS 160.00 62.56 67,40
BL 100.00 67.94
HS 106.00
SYMBOLS:

Gl Grazed Area

G2 Grazed Area

‘K1 Hatursl Azea

W2 Batural Ares

BS Bull Springs

BL Eeaver Lodge

Hg Borsethief Station
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{2) N1, N2, BS, BL, and HS. These comparisons lend quantita-
tive credence to the floristic differences observed between
disturbed and undisturbed areas of floodplain.

The availability of a detailed map (scale 1 inch = 60
feet) of the study areaz made it possible to construct four
profile diagrams across the floodpiain. These profile dia-
grams (Figs. 8, 9, 10, 11) correspond to transects Wi, N2z,

G1l, and G2. Elevational changes can be shown because of the
two foot contours drawn on the map. The elevational changes
shown are somewhat exaggerated due to the differences in scale
chosen for the horizontal and vertical axes. The map was made
by the Montana Highway Department and was constructed from
aerial photos {scale 1 inch = 250 feet) and land survey data
using a Kelsh plotter.

The floodplain of Rock Creek is bordered on the west by
a major terrace about 10 feet above the water ievel and on the
east by a high bench about 120 feet above the water level, This
topography can be visualized from Figure 8 and the remaining
profile diagrams. Figure 8 shows the disgtribution of important

trees, shrubs and herbs across the floodplain. Populus trich-

ocarpa appears to be largely restricted to the floodplain proper

with an isolated occurrence on the steep hillside shown in

Figure 9. ©On the steep hillside Pseudotsuga menziessii begins

to replace Populus trichocarpa. At the top of the hill Pinus
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flexilis occcurs in small numbers. Populus tremuloides also

also occurs {(Figure 9) near the west terrace and at one low

site on the floodplain.

in the tall shrub stratum Cornus stolonifera, Salix sp.

and Alnus incana are restricted to the floodplain, while Frunus

virginiana and Amelanchier alnifolia occur on the hillside.

The low shrubs doe not appear to be dependent on ground water
and grow far up on the hillside.

The herbaceocus species shown in Figures 8 and 9 are the
most important taxa occurring in each transect. Most of the
important species occur in the floodplain proper. However,

such specles as Agropyron spicatum and Scolidacge spatulata

become important on the relatively sparsely vegetated hillside,
if one compares the profile diagrams shown in Figure 10

and 11 with the previous two profile diagrams, several contrasts

are evident. The tree stratum is composed of the same species,

Populus trichocarp. but the west side of the floodplain has

been cleared to provide pasture for cattle and few trees are

present. Figure 10 shows small groves of Populus tremuloides

occurring on the west terrace and between the terracs and the
stream. The occurrence of conifers on the hillsides is notice-
ably absent in the grazed area. It is not known if this is &
cauvse~and-affect relationship or whether some other phenomenon

will explain it. There is evidence that a large landslide
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occurred in the vicinity of transect G2 (Figure 1li.

While the pattern of tree distribution has been altered
to a great extent, the change in the shrub strata is even more
evident. A comparison of Figures 8 and 9 with 10 and 11 shows
the almost complete elimination of the shrub strata. Species

such as Crataeqgus douglasii and Rosa acicularis are not pala-

table to cattle and thus remain as components of thelr respec-
tive strata, although even these taxa are of low frequency.

Cornus stolonifera, an important constituent of the wvegetation

in the natural area is completely eliminated in the grazed
area. The profile diagrams in the grazed area also indicate
that while trees are not important on the hillside, there are
rather heavy thickets of shrubs. These are composed primarily

of Crataequs douglasii, Amelanchier alnifolia. Prunus virginiana,

and Rosa acieularis. In some areas near the top of the hill

Artemisia tridentata and Berbgrig rep&ns oCCuy.

The herbaceous species of importance in the grazed trans-—
ects are quite different than those in the natural transects.
The species that occur in the grazed areas also appear to have

more amplitude and are not restricted so exclusively to the

floodplain. For example, important species such as Foa pratensis,

Taraxacum officinale, Phlesum pratense, Bromus tectorum and

Centaurea maculosa occur not only on the floodplain, but also

on the hillside.



Freguency and presence values of the size classes of

Populus ftrichocarpa show important differences when the tran-

cects in different areas are compared {Table V). The observa-
rions made about the permanent plots are here confirmed, namely
that saplings in the 0-1 dm dbh class and greater than one
meter tzll are noticeably missing in grazed areas. There isg
also a more complete representation of size classes in the
natural areas., The average basal area coverage of Populus

rrichocarpa in the natural transects im 298,26 sguare centi-

meters and in the grazed transects it is 48.78 sqguare centi-
meters per 20 square meters. Wiaen comparing these averages
it should be kept in mind that considerable clearings of trees
has taken place with the difference betwsen the two averages
indicating the approximate amount of clearing.

In Table VI the plant species occurring in the shrub strata
are arranged in crder of descending importance value as calcu-
ilated from transects in natural areas. This order is changed

for tall shrubs in grazed arveas. Pgpulus trichocarga gaplings

continue to be the most important member, but esgentially all
of the individuals are less than one meter tall. This iz also

the case for species of Salix. The elimination of these two

species leaves Crataedus douglasii as the only significant com—
ponent of the tall shrub stratum, although some individuals of

Alnue incana and Betula occcidentalls aleo occur. The low shrub
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stratum does not change in composition to a great extent ex-

cept that Rubus idaeus becomes more important in grazed areas,

probably because of its impalatability té cattle.

The phytosociological relationships among the herbaceous
taxa cccurring in natural area transects have been analyzed
using the index of joint occurrence technigue of Swindale and
curtis {1957). Seventeen taxa remained for consideration after
disregarding those of low freguency 1in the transects. Those
taxa ocourring in less than 4 percent of the 232 total 2 x 5
decimeter plots were disregarded. An index of joint occurrence
was then calculated. It was the number of plots in which two
species occurred together expressed as a percentage of the
number of quadrats of cccurrence of the less common species.

Species of pairs with zero jolnt occurrence were placed
at opposite ends of 3 list, and species of pairs with high
jcint occourrsnce were placed near each other {(Guinochet, 195%5;
from Swindale and Curtis, 1957). Eventually an order was ob-
tained which iz considered to be a reflection of the resactions
of these taxa to the complex of environmental factors. The
raxa were then divided into four groups (Table VII), in order
of +heir positicns in the joint occurrence list. The number of
the joint occurrence group to which each species belongsd was
used to weight the species’ relative frequency in each tran-

sect. The products of relative frequency and jolnt-occurrence
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Table ¥iI. Joint-occurrence groups of herbaceous species occcurriang in
ungrazed flocdplain fransects.

H

Pos pratensis

Aster canescens
Solidage occidentalis
Eguisetum srvenso

pd

Agropyron subsscundusm
Agrostis albs
Taraxacus officinzle
¥iols sp.

Pyrola chlorantha

3.

Swmilicinag stellata
Epilobium angustifolium
Garex 80.

Galivm boreals

%

Budbeckia laciniata
Cirsium srvenss
Galemagrostis canadensis
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number for each species were summed to provide a compositional
index for each transsct.

The compositional indices ranged from 128.25 for transect
BS to 215.52 for transect HS. In Figure 12 the species in
joint-occurrence groups one and four are included and the rela-
tive fregquency of each species is plotted against the composi-
tional index. The two groups are widely separated at the
lowest compositional index, but at the higher compositional
indices the species considered appear to be distributed with

much less variance. Althoucgh Sglidago occidentalis appears to

respond somewhat ambiguously to the environment, the other
species are more predictable. In general, those species placed
in group four are of low relative fregquency at low compositional
indices and vice versa. The species in group one are at their
highest relative freguencies at the low compositional index

and tend to decrease at hidher indices.

The ewtreme differences noted at low compositional indices
are again noted when the sums of relative frequencies of all
speciss in ¢each of the four joint occurrence groups is plotted
agzinst the compositicnal index (Figure 13). It is also notable
that all spacies seem to be responding similarly at high compo-
siticnal indices. Figure 13 also shows that different joint
orourrence groupe tend to peak at different compositional

indices. Group 1 shows a peak at the lowest compositional index



*STTEIUSPTOD0
OFepilog °g “ssuside Umjestuby  °G ‘STsusjead BOg 4 ‘BIRTUIOE] wINoaGpny  °¢

bagueaste UNTSIT, 2 YsIsuspedss sTisodfouwsTsr) T 1XOpul TrUOTaTsOodwoDn
ssutede pejjgold anol pue suc sdnoxd eousaanoso-jurol UT BXwg Jo Acusnbsal sAaTawTsy

*2T sandtg
XIONI “TYNOILISOdNOD
£22 002 G| 08l 2 Q0!
P , m —— AT 0
. .
2
]
i G
A
A 3
»
U
i
™
]
)
ki
&2
G
[kl
TR
e
g
Joe
7 &




-5l

*XopuT TeucTaigodwon oyy jeuTedz pejqord sdnozd sousaansoo
-qutol aneI eyy Jo UYses UT soroods eyl TTe JO Sortousnbedl sATiE[SI 9U3 JO sung

X3ANT TYNOLLISOdROD

*¢T AandTy

00!

902 g4l ogl 52|

0

O

AJHINDIY4 JALLYIEY 40 WNS



- 55 -
{128.25) and group 2 definitely peaks at the second composi-
tieonal index (166.16). The species composing group 3 do not
appear to significantly change in relative freguency as the
compositional index changes. The species in group 4 -8how a
definite trend in that the relative frequencies Iincrease as

the compositional index increases.

Successional Relationships

A successional seguence has bgen arrived at from obser-
vations in the field and analysis and inference from data
collected {Figure 14). The mature fioodplain forest has been
described previously along with some of its variations in
response to grazing and other disturbances. As ghown in the
successional diagram the initial stage of succession has been
called the pioneer stage. Table VII shows the species found
in 2 x 5 4m. plots spaced at five meter intervals and analyzed
in sewveral places where the piloneer stage existed, Some of
rhese taxa occurred in areas sampled in connection with the
permanent plots or transects. However, the focllowing spéeies
appear to be largely restricted to the ploneer stags:

agrostis scabra. Lychnis zalba, Cheno adium album, Veronica

americana, Verbascum thapsus, Silepe cucubalus, and Barbares

crthoceras. The information concerning substratum types is

also valuable in discerning the severe nature of the habitats
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 MATURE _
“ FOREST ™
LARGE TREES "OPEN PASTURE
SCATTERED SHRUBS OR HAYFIELD
EXOTIC GRASSES & FORBS
\\
\
.,
~
™.,

YOUNG FOREST

COTTONWOOD —WILLOW

YOUNG COTTONWOOD

PIONEER STAGE

Figure 14, Diagram showing the successional sequence of the
Rock Creesk floodplain.
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Tabla YIII. Density, cover, frveguency and ifmportansce value of plant
species occurring in the ploneer state aslong with frequency
and cover of ground cover fypes.

i/ &/

Species Density Sevargg ?reg&ene?§j 1.¥.~
Agrostisz alba 3.79 1.58 29.0 74,65
Epilobium sp. 0.39 0.92 7.0 41,02
sgrostis scabra .27 @.72 14,8 31,37
Centaursa maculosa 0.34% $.,90 7.0 30.83
Bumex crisous 3.08 .50G 5.0 14,05
Linavia vulgaris .16 8.30 2.0 11.71
Taraxascum officinale 4.07 $.18 7.0 10,75
Cersstiuve nutans 4,10 $.32 3.0 18.61
Lychnis albs 0,05 0,25 5.0 9.40
Chinopodiuve album 0,08 3,22 &0 8.53
Artemisia michauxiana 0.04 .08 3.6 5.02
Yeronica amevicana 8.0z 6,18 2.0 4. 90
Polygonum bisterioldes 8.02 .18 2.0 4. 90
Verbascum thapsus 0.03 .08 3.0 4,65
Juncus sp. 0,63 $.08 3.0 4.65
Cirsium vulgare 4.03 .68 3.0 4 .65
Silene cucubalus 0.04 6.15 1.0 & .40
Agrostis variabilis 0.07 0.02 1.0 3.64
Stellariz media 0.02 .05 2.0 3.05
Rarbarez orthoceras 5.02 5,05 2.0 3.08
Trifolium repens 0,02 0.05 2.4 3.05
Trifolium dublium 4,02 .05 2.0 3.05
Hentha arvensis .02 0,02 1.¢ 1.8%
wimulus lewisii 3,02 8.62 1.0 i.82
Aster canescens 4,01 0,62 1.6 1.32
Plantage wajor ¢.01 $.62 1.6 1,31
genothera rydbergii .01 4,02 1.0 1.31

Litter 2.10 25.4
Bars Ground 25.62 74,0
Rock £2.50 90.40
Moszses and Lichens ‘ .50 5.0
Habey 3,64 4.0

1/ number per 0.1 square meter

2/ average percent cover in 2 x 5 dw. plote

3/ vpercent ccourrence in 100 plots

4/ sum of relative density, relative cover and relative frequency
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of early successiconal stages. Rock is the primary type of
substratum and the only other substratum of importance i€ sand

{bare ground) .

Populus trichocarpa is the first woody species to invade

bare of sparsely vegetated areas. The second stage of
succession is called Young Cottonwood. The saplings growing
at this stage are generally less than two meters tall and
widely spaced. No other woody species invades at this point,
possibly because conditions are generally dry. The important
herbaceous species occurring at this stage are: Centaurea

maculosa, Linaria vulgaris, Lychnis alba, Cirsium vulgare,

Anaphalis margaritaceae, Verbascum thapsus, Solidago nana.

and Artemisia michauxiana. The Cottonwood-Willow stage is

asomewhat more mesic than the Young cottonwood stage although
considerable intergrading of the two stages ccours. Along

with the continued presence and development of Populus tricho-

carna, one finds Salix interior becoming an important compo-
nent, of the Cottonwood~dillow stage. The herbaceous fleora is
~icher in this stage probably due to the increased moisture.
Many taxa characteristic of the field laver of both grazed

and ungrazed areas are represented. Some species which occur
in this stage more freguently than in other areas would include

Salvia reflexa, Mimulus guttatus, Mvosotis gvilivatica, Fragaris

vesca, and Mentha arvensis. OGrass species are the major
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components of these sites, however, with Argrostis alba beiny
very important.

The foregeing thres stages are closely related to one
ancther in regard to time and space, although development is
very slow with the poor substrate. The Young Forest stage is
generally not seguentially related to the aforementioned stages.
It is thought to develop at higher levels above the stream.

The sites avye generallyv dry and eppear to have been recent
channels which were left drv by a change in the siream course.
These areasg are often bordered by dense forest and are not as
severe envirommentally as previousg stages. The channels which
once flowed over these areas apparently wers not large channels,
since scme fine textured soil materials have remained. The
upper five centimeters of the soll profile is augmented by
litter from surrounding trees making a comparitively hospitable
scil for the invasion of plant species. It should not be
assumed, however, that any recognizable soil profile has
developed, since ccbble is at the surface and continues down
fFor several fest, although some stratified materials may be
present from stream depositions. The flora of the mature
fForest ig almost completely represented. However, most trees
are in the smaller size classes. The areas may be guite vari-
able and some possgess trees as large as thres to four dm. dbh.
The tall shrubs represented in this stage of succession are

Prunus virginiana, Crataegus douglasii, and Amslanchierx
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alnifolia, with the remaining species becoming important in

lower and wetter sites. The low shrubs are Rosa acicularis and

Symphoricarpos albus primarily, with latter generally of the

greatest importance. The herbaceous vegetation is generally
characteristic of drier sites within the mature fForest. Po3

pratensis, Centaurea maculosa, Aster canescens, Sclidago

accidentalis, Glycyzrrhiza lepidota, Lupinus lepidus, Antennaria

rosea and Danthonia spicata are some of the important species.
The successional diagram also shows that the mature forest
can be altered so that either grazing or haying are practiced.
Grazed areas have been discussed previcusly with regard to their
physiognomy and composition. Table IX is a listing of species
designated as decreasers, increasers, oOr invaders, on the
basis of comparison between permanent plots and transects in
grazed and ungrazed areas. The species shown on this list are
thought to be representative of thelr designations since all
conflicts which occurred between permanent plot and transect
securrences nhave been sliminated. Decreasers were designated
on the basis that they did not coccur in the gragzed area or
they decreased in importance value in the grazed aresa as com-
pared with the natural areas. Invaders are species which did
not oeceur in the natural areas, and increasers are those taxa

which increased in importance value when subjected to grazing
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Tahls IZ. Decressers, incveasers and lonvaders {approximazely im order of
decreasing importance value) determined from permanent plot and

transect dats in natural and disturbed areas.

Calamogrostias canadensis
Budbackla lacinista
Jarex &p.

8olidago occidentalis
Agropyron subsecundum
Smilicina stellata '
¢alivm boreale
Egulsetum arvenss

Byrola chlorantha
Epilobiue ssgustifolium
Zevanium viscogsissimum
Gergnium richardsonii
Glyevrrhiza lepidota
Thalictrum sparsiflorum
Geum sivictus

Yiols sp.

¥onarda fistulogs
Zorippa nazturtivm-aguaticum
Haracleum lanstum
hdgrimonila strists

Garex nebraskaensis
Stellaria longifolia
Smilicine racemosa
Hebenaris hyperborea
Scutellaria galericulata

Trifolive repens
Trifoliove deblum
GCerastium nutans
Artemisis wmichauxiana
Capaells bursa-pastoris
Agropyron repens
Browmus teciorum
Arvetlum lappa
Juncuz effugus
Eleocheris sp.
Sromus inerkis
Cerastium viscosus
Antennsrias dimorphs
Antannaria rosges
Stellavis medis
Salvig reflexa
Astragalusg sp.
Campanula pavyyl
Chenopodivm album
Bumex crizpus

Rumex veRosus
Tragopogon dublus

Pos pratensis
Tarvaxgcun officinale
Centaures maculosa
Agrostis albka
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pressure. Although conflicts occurring between the natural
and grazed areas have been resolved, there is some discord
with regard to native and exotic plant species included in the
lists. All of the taxa designated as increasers would be
designated as invaders if the dichotomy between native and
exotic species was the only consideration. These taxa repre-
sent the results of changing environmental conditions with
respect to grazing pressure, soil compaction, and light condi-
tions, among others.

In relation to successional considerations it 1s also
instructive to consider the changes in substratum types with

regard to changing vegetation (Table Xj.

Table X. Comparison of average frequency (%} and average cove
(%) of various types of ground cover in three flood-

plain habitats.

r

PIONEER GRAZELD NATURAL

Cecver Type Fraguency Cover Frequency Lover Frequency Cover
Litter 25.00 2.10 64.58 16.32 79.74  63.22
Bare Ground 74.00 25.62 68.75 31.71 31.46 7.61
Rock 50.00 62.50 23.95 12.47 17.24 6.88
Mosses and

Lichens 6.00 0.50 8.33 1.92 4.74 G.89
Water 6.00 3.60 16.67 14.27 15.08 11.79

It has already been pointed out that rock is by far the most

commonly recorded substratum type in ploneer areas. The amount
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of litter increases in both frequency and cover as the more
advanced successional stages are encountered. Bare ground
and rock are the most important types of substratum in early
successional stages, but are decreased at the more mature
stages. Mosses and lichens are not important in any succession-
a2l stage and there appears to be no significant difference
between natural and grazed areas. The amount of area covered
by water is probably only comparablie in the natural and grazed
sreas, due to similar sampling technigue. The frequency of
water cover is similar in the two areas, but the cover is less
in natural areas than in grazed aresas.

Populus trichocarpa is an impeortant constituent of each

successional stage except the initial one. It germinates well
in moist floodplain situations and growsvery rapidly for the
first few yvears. Figure 15 is & photograph of a growth of

Populus trichocarpa and Populus tremuloides which invaded the

pictured corner three years previous to the time of the photo-
graph. The site was previously part of a hay field and weugd

he considered & favorable site from many standpoints. The two
tree species have responded similarly to this opportunity and

the tallest saplings are more than two meters tall after thres
years growth.

Table XI is a summary of the measurements taken from Popuius

rrichocarpa trees during the course of the study. Diameters of
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rrees selected vary only slightly while other measurements
show wide variation. For example, the height of trees in alil
size classes is greater in the natural area than in the grazed
area. However, when the ages of the trees are compared it is
faundﬂthat in the two smallest size classes trees in the
natural area are vounger, while in the remaining gize classes
trees in the grazed area are younger. The diameter/age ratio
evidences a comparable relationship. In the two smallest size
classes the natural area trees grow faster than those in the
grazed area, but the largexr trees grow faster in the grazed
area than they do in the natural area.

Although successional interrelations will be discussed
more fully, it can be pointed out here that it would require
approximately 50 years to establish trees in the 2 - 3 deci-

meter size class.

Soil-Vegetation Relationships
Floodplain soils have been studied in an attempt to relate
vegetaticnal changes to changes in the phyvsical and chemical
propaerties of the soil.
A general description of the g0il profile was given in the
Introduction. Figures 16 and 17 are photographs of so0il pro-
fFiles taken in the study area. Figure 16 shows a soil profile

which often occurs under the Young Forest. The profile has
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Figure 17. Mature forest soil profile.
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cobble distributed throughout and the majority of true soil
is located in the top 5 om. with the remainder being_iargely
sand. The Mature Foresi has a much better developed solil
profile (Figure 17)}. The cobble in the profile pictured begins
at a level about 50 om. below the surface. There are clearly
two horizons svident on the basis of color and other character-
istice to be discussed. The soll profiles in the first three
successional stages are very similar and there is very little
differentiation at different depths below the ground surface.

As stated previously two soll pits were dug in each of
the five maijor successional areas. Each of these profiles was
sampled at levels whare a dstectable difference occurred. Upon
sollection of all samples {(Table XII, Appendix), they were
compared with regard to physical and chemical characteristics
above and below 20 cm. below the ground surface. The results

of these cowpariscns are in Figures 18 and 19. All plotted

i

points are the average valuss of the two soil pits.

The majcr textural componsnt of all floodplain soils in
the study area is sand {(Figure 18). There is very little change
in the czéy content of soils even at the most advanced success-

ional stages. Howsver, 1in the Young Forest and the Mature

e

Porest there iz a decrease in the zand content and an increase
in the silt content, especially in the upper 20 om, ©f soll.

The similarity of the first three stages with regard to alil
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vegetational development.



O~ 20 Om Lews!

20 4+ L Level

o.ef

()
[
{ouw @ ) A LALLONONGD

SO0
E00

L]

HELLYH JINYDHO

ing

e soil accompanyi

Fe

igure 1

4



I e
characteristics should also be noted. The first three stages
of succession are essentially sand and cobble with little or
no differentiation of horizens. The improvement of the socil
in its ability to hold water is also very evident in the iast
two successional stages. The upper 20 cm. of soil in the last
two stages shows remarkable improvement in water retention
capability, but the soil below 20 cm. shows no significant
change.

The chemical properties of the soils examined are éven
more explicit in enunciating soil differences at the two levels
{(Figure 19). For all measurements there is still a lack of
variation in the initial three successional stages. However,
at the Young Forest stage the values for all soil properties
measured are divergent, and at the Mature Forest stage there
is no gquestion about the differences in the upper and lower
levels of goil. The pH of all soils analvzed 1s near neutrality

with most samples being in the range 6.4 to 7.0.



DISCUSSION

Vegetation Classification

A broad range of copinion continues to exist concerning
the classification of vegetation units. In general, there are
two extremes: (1} the Braun-Blanguet school {Braun-Blanguet,
1932, Dauvbenmire, 1952) which erects a series of units, or
associations, which can be classified in an hierarchical sys-—
tem, and are distinct, recognizable and definable entities, and
(2} the Curtis school {(Cottam, 194%; Curtis and McIntosh, 1950,
1951: whittaker, 1951} which regaxds vegeiati@n as a moulti~
dimentional continuum, no two stands being the same (Kershaw,
1964}, The Braun-Blanguet school and the Curtis school also
differ in that the former uses a subjective choice of samples,
while the latter chooses samples randomly {(XKershaw, 1964).
in spite of the tendency to polarity of ecological viewpoints
with regard to classification of vegetation, investigators are
cautioned to choose a sampling technigue suitable to information
required, time available, area to be studied, and possibly some
other more specific factors (Cain and Castro, 195%; Hanson and
Churchill, 1961; Ksrshaw, 1964). Hanson and Churchill {(1%26l}
list the following criteria which have been widely used in the
classification of plant communities: {1} floristic or species
composition, {2} ecclogical relations or habitat, {3) successg-

ional status, {(4) physiognomy, (5} geographical characteristics.
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Most vegetational studies have employed one Or more of these
in analyzing vegetation. The first criterion is probably of
greatest importance since it segregates vegetation on the basis
of the inherent nature of each unit {(Hanson and Churchill, 1961,

The present study has involved many of the problems en-
countered in other studies in an attempt to develop an under-
standable picture of a vegetational complex. The successional
stages have been delineated largely on the basis of reconnaiss-~
ance of the study areas along the stream. The primary criteria
used in determining these stages would be successional status,
floristic or species composition and physiognomy. Geographical
characteristics have nct been considered important in delineat-
ing the stages, since a small area is considered. The use of
the *"ecological relation or habitat” criterion has also not
been considered basic to the separation of successional stages,
although it should be realized that there is considerable over-
lap ameng all of these criteria.

Regardless of the subjective classification system used
initially, a comprehensive ecological study regquires that de-
tailed quantitative information be extracted from the vegetation.
In this study, it was decided to use permanent plots and trans-
ects across the floodplain to obtain these data. The measures
of the vegetation, such as density, cover and frequency, give

guantitative support to the visual ochservations of the
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investigator. The tree stratum was generally analvzed by
separation of the existing trees into decimeter size-classes.
This use of size classes makes possible the relation of various
sampling areas to each other in regard to succesgsion and sige
composition. Since only one tree specles was important in the
flcodplain, no comparisons with other tree species were possi-
ble in regard to importance. Several speciles of ghrubs were
present, however, and These occurred in different sampling
areas. The importance value of the Curtis school (Phillips.
1959) was used to rate these species in the transects, which
represented various stages of development and/or disturbance.
The herbacecus vegetation data was subjected to the most phy-
tosociological analysis. This involved use of the method of
Curtis and Swindale (1957). The presence of certain species
in a given joint-cccurrence group is thought to reflect the

response of these species to the enviromental complex.

Succession
Succession may occur in areas where the habitat conditions
have been altered by the plants themselves {autogenic) or in
areas where the habitat conditions have been altered by external
environmental factors {allogenic) {Hanson and Churchiilg 1981} .
However, as pointed out by Odum {1959}, succession is largely a
characteristic of the community itself and is directed by climate.

Habitats for the initiation of primary succession in the flood-
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plain are largely caused by flooding and are generally near the
stream course. Thus these habitats are initally allogenic, but
are autogenic in the succeeding states. Primary succession has
also been initiated on the Rock Creek floodplain by practices
intended to straighten or otherwise alter the stream course.
Secondary succession is usually initiated by the activities of
man along the creek, namely burning, clearing, and grazing.

If succession is considered as a progressive development
from a simple to a more complex community it usually involves
changes in one or more of the following: diversity, stability,
productivity, self-maintenance, uniformity within. and between
stands, and scil maturity {Hanson and Churchill, 1961). Those
changes characteristic of succession on the Rock Creek Flood-
plain will be incorporated in this discussion.

Analysis of increment core data {Table XI) indicate that
at least 30 years would ke reguired so that trees in the 1-2 dm.
size class could be established. This estimate is based entirely
on ages of trees in this size class and does not consider the
amount of time reguired for initial establishment of tree gsead-
lings. However, it is known {Smith, 1957} that the seed of

Pecpulus trichocarpa is highly viable, but under natural conditions

its germinative capacity is retained for only a brief period.
Other evidence (Garman, 1953} indicates that if the seed falls

on a moist seedbed high germination results. Populus trichocarpsa
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seeds germinate best on wet river bottoms, but meoist, bare,
humus or sandy soils of streambanks and bottom lands are alsc
good {Fowells, 1963}. With this evidence of the high germina-
tion and initial rapid growth rate it would be valid to say that
the Pioneer Stage, composed of herbaceous species, is short
lived in the floodplain habitat. If the Pioneer Stage exists
for a maximum of five yvears, there are then approximately 25
vears remaining for the development of a Young Forest. The
two stages following the Pioneer Stage are closely related,
both to each other and to the Pioneer Stage. This was shown
earlier in their similar socil properties (Figures 18 and 19).
These early successional stages all develop near the stream
and are subject to essentially annual flooding. The flooding
is generally not severe encugh to wash away the plants, but may

retard growth of trees, since Populus trichocarpa is known to

grow poorly when there is lack of substrate aeration (Smith,
Haddock and Hancock, 1956; Smith 1857). It should be pointed

out that it is not the rapidly flowing water which limits growth,
but rather, the stagnant pools and fine sediment deposited during
flooding, Thus, it is possible to explain the relatively long
pericd between the Piloneer Stage and the Young Forest on the
basis of freguently recurring floods and the effects of these
floods. That is, floods may destroy early successional communi-

ties wholly or in part, or they may bring about the deposition
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of fine sediments or standing water vwhich limit growth.

It has been pointed out previcusly that Salix interior

is one of the earliest invaders of the Rock Creek floodplain.
This fact has been noted in many cother parts of North America
alsc (Shelford, 1963). Results of soil analyses have sghown

that the Cottonwood-Willow Stage is similar in soil properties
to the Young Cottonwood Stage. The difference between the two
communities is primarily the water relationships. While Populus

trichocarpa is able to exist on moist sites, Salix reguires

essentially wet conditions to germinate and grow and is adversely
affected very quickly by lack of meisture (Fowells, 1965} .
Willows also have a very shallow roct system and are dependent
upon a constant supply of moisture throughout the growing season.

A sequential relationship between the initial three stages
and the Young Forest stage is quite doubtful. The Young Forest
stage appears to be secondary succession which ooours on areas
which have been recent channels. It may also occur in areas
which have been heavily grazed in recent times and then allowed
to recover. For the initial three stages to develop into a
forest would be possible, but would reguire that these areas be
relatively frse from severe flooding for 30 to 50 years. This
cculd occur when there was a major channel change.

The Young Forest and the Mature Forest may also not be

sequentially related. It should always be kept in mind, with
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regard to floodplain succession, that there are constantly
changing conditions of stream flow and related deposition.

An advanced successional stage may develop on an area because
of the deposition of large amounts of fine textured soll and
not because of a long developmental history of soil and vege-
‘tation. With these peoints in mind, it is instructive To con~
zider the differences between the transects in different areas
on the basis of their similarities to each other and their
relative compositional indices. These differences indicate
what changes might be sxpected to occur between the Young
Forest and Mature Forest stages. especially when they are re-

£ the areas. It has been pointed out

28
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previously that thare are two groups of transects on the basis
of similarity to sach other. If only those transects which have
not been recently disturbed are compared, 1t is found that they
rank as Follrws on the basis of compositional index: BS-128.25:
BL-166.16: NMI1-175.08; N2-208.25; HS-215.52. These rankings
follow closely the known history of the areas and cbssrvations

made in the fiaeld. Transect B8 was the site of intensive

efforts to zltsr ths stream to vrevent meandering. Because of

e Fu

this practice considersble areas of cobble were exposed. The

area 21so appaars Lo have been grazed prior to the time of pur-
chase and fencing by the Montana Fish and Game Department. The

auvthor was nob able Lo verfy this, since the former land ownsrs
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have moved away. The foregoing facts are thought to be respcn-~
sible for the lower relationship between transect BE and other
transects which are not presently disturbed. Transect BL was
only slightly disturbed prior to the time of purchase and fenc-
ing by the Montana Fish and Game Department. According to the
former landowner it was grazed only peridocially by 20 dairy
cattle and there were no fires or wood cutting on the land.
Transects N1 and N2 appear to have been the least disturbed of
any areas studied. Two horses grazed the area on occasion, one
small fire is known to have occurred, and there has been little
known wood cutting on the area. In contrast to %he other tran-
sects, transect HS has been subject to considerable disturbance,
especially prior to about 1945. It is known that a fire burned
the entire area in 1919 and in succeeding years considerable
numbers of cattle and sheep grazed the area. However, the area
has not been disturbed since about 1945 and presently supports
a good stand of trees and shrubs.

The evidence would indicate that the kind of vegetation
found on a certain area is not only a function of the lack of
disturbance, but alsoc of the physiography of the floodplain
and the kind and amount of deposition which occurs. If the
transects are again compared in order of their compositional
indices it is found that, in general, the transects having

iower compositional indices also have more trees in the O-1 dm.
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size class. This is especially true for those trees less than

one meter tall. The status of Populus trichocarpa as a contin-

uing dominant on the Rock Creek floodplain must be guestioned.
It is the most shade-intolerant species of any of its known
associates and is classified as being very intolerant (Baker,

1949) . Populus trichocarpa appears to be able to maintain

itself in the Rock Creek floodplain for several reasons. An
important reason for the continued dominance of Populus tricho-
carpa is that the recurrence of floods provides bare, moist,
seedbeds for the germination of seeds. Once germination occurs
its rapid juvenile growth rate exceeds that of more of its
associates and helps it maintain a favorable position in stands
{Fowells, 1965). Although black cottonwood evidently occurs

with Pseudotsuga taxifolia {Fowells, 1963) in certain localities,

there is no evidence that Douglas Fir is invading the flood-

plain. There is also no evidence that Pinus flexilis, which

also occcurs on the hillside near Rock Creek, is invading the

floodplain. Since Populus frichocarpa grows well up to an age

of 200 vears {Fowells, 1965}, it would seem that older trees
provide a constant seed source. The recurrence of floods pro-
vides new seedbeds and the voung trees are able to grow faster
than their competitors. 7Thus, there seems to be a cycle of

events associated with the life cycle of Populus frichocarpa

which are enabling it to maintain dominance in the floodplain
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habitat.

With regard to shrub associates of Populus trichocarpa

it is also instructive to note the importance values of various
shrubs in the transects. PFPowells {1965 indicates that Rubus

spectabilis is an indicator of good site quality for black

cottonwood. Although this species d4id not occur in the study

areas, Rubus idaeus attained its highest importance values in

the two transects having the highest compositional indices.

However, Rubug parviflorus is an indicator of medium site

gquality and so the use of Rubus as an indicator of site gquality

is still gquestionable for this study. Corpus stolonifera is

an indicator of medium site quality (Fowells, 1965) and it has
its lowest importance value in transect BS and its highest
importance values in transects N1, N2, and HS.

Due to the changing nature of the floodplain ecosystem,
one wculd expect to find few predictably changing environmental
gradients. Rather, plants would be distributed in response to
a complex of envirommental factors in a mosaic pattern. As
with Swindale and Curtis (1957) it appeared advisable to
utilize the plants themselves in an investigation of their
sociology because they respond to the product of environmental
factors. Thus, the herbacecus taxa were arranged according to
a compositional index which was based upon the asscciation

tendencies of constituent species within each strand or transect.
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The plant species grouped togeﬁher respond similarly to the
environment as shown by their peaks at different compositional
indices {(Figure 13) and by their change in relative £frequency
with change in compositional index. It is also intaresting to
note that while the taxa represented show wide divergence at
low indices they are clustered in a rather narrow range at high
indices. One explanation of this could be that stability and
diversity of ecological communities tends to increase as ad-
vanced successional stages nmore successfully utilize free
energy. However, this may only indicate the broad variation
which exists in any transect across the floodplain and also

the fact that there is more variation in early successional

stages.

Plant Distribution

The most critical factors affecting the distribution of
floodplain taxa are light, water, and soil. However, it is
evident from this study that such factors as temperature, fire
and grazing animals have also affected the distribution of
plants within the area studied. Fire and grazing animals are
largely environmental factors which have been introduced by
man. The effects of grazing have been dealt with throughout
this paper, and fires do not appear to have greatly affected

the areas studied.
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As the mature forest is approached, one would expect a
decreasing amount of light and the increasing importance of
shade tolerant species. It has already been pointed out that

Populus trichocarpa is very intclerant of shade, but continues

to dominate the vegetation because of cother compensating factors.
Shrubs apparently are affected by such environmental factors as
available moisture, soil type and amcunt of grazing, in addi-
tion to light. It is difficult to assess the influence of light
on herbaceous taxa without specific envirconmental measurements
in relation to given species. The effect of light on plants
is greatly altered by other environmental factors such as
temperature (Daubenmire, 1959). However, one would expect to
find shade tolerant plants in the most advanced stages, such
as the mature forest. Essentially all of the herbaceous species
in the heavily grazed areas and in the early successional stages
would be either facultative scicophytes or obligate heliophytes.
The distribution of water in the floodplain habitat also
is an important factor in the distribution of plants. Figures
8, 9, 10 and 11 give an indication of which important species
are restricted exclusively to the floodplain. The sites these
species occupy would not be more than two feet above the stream
level and therefore probably subject to pericdic flooding. The
roots of many of these species would alsoc be in contact with

ground water during much of the growing season. Many of the
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species most characteristic of the Mature Forest would occupy
sites which possessed moist soils. On the other hand, species

such as Eguisetum arvense are indicators of poor site guality

(Fowells, 1965), primarily because this indicates that such
sites are flooded from four to six weeks during an ordinary
year. It should be noted that some species which occur in the
grazed areas have wide ecoclogical amplitude and grow in areas
considerably above the stream level, while many of the species
characteristic of advanced successional stages are confined

exclusively to the floodplain.

Spil and Vegetation

Soil samples from floodplain areas are best compared by
ievels rather than horizons, since the presence of fine tex-
tured materials tends to result from deposition by water rather
than the normal soil forming processes. Soils in the Rock
Creek floodplain were compared at the 0-20 cm. level and at
the greater~than-20 cm. level, with regard to both physical
and chemical properties.

Soil texture - the relative percentages of sand, silt,
and clay in a given solil - affects plants in regard to: rela-
tive resistance to root penetration, infiltration of water, rate
of water movement, water holding capacity, soil structure, soil
aeration and scil temperature (Daubenmire, 195%9). All of the

soils examined along Rock Creek are composed primarily of sand.
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The best soils, occurring in the Mature Forest, would be classi-
fied texturally as sandy loams (Soil Survey Staff, 1951}. Most
of the soils, especially those in early successional stages,
would be classified as sands being more than 85 percent sand.
Soils having a high sand content offer little resistance to
root penetration, allow immediate infiltration of water, allow
rapid movement of water in the soil, and have good soil aeration.
However, these coarse textured soils would have few nutrient
ions and have little or no structure since these two attributes
depend largely upon the absorptive capabilities of soil colloids.
Although the soils sampled in early successional stages are
almost entirely sand, some of the foregoing statements would
have to be modified for soils of the advanced successional
stages.

One additional measurement was made on the soil samples:
15 atmosphere moisture retention percentage. The water holding
capacity of the soil is closely related to the amount of fine
textured material and to the corresponding surface area available
for adsorption of colloidal materials. On this basis the
molisture reténtion test is an index of the physical properties
of the soil in relation to plant growth. Figure 18 indicates
that the moisture retention percentage of soils in the advanced
successional stages is greatly improved, and shows the improve-

ment better than the comparison of sand, silt, and clay
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percentages at the stages. The improvement in physical prop-
erties of the soil with regard to plant growth is also important
+o soil fertility comsiderations, since many of the nutrient
ions utilized by plants are held adsorbed by soil colloids
{Daubenmire, 1959).

The 1l5-atmosphere percentage is also used as an index of
the permanent wilting percentage, and therefore, as the accept-
able index of the lower limit of the available range of soil
moisture. This lower limit appears to be an intrinsic property
of the soil that is largely determined by soil texture (U.S.
Salinity Laboratory Staff, 1954). It is difficult to set the
upper limit for the range of water content available to plants
in the field. It has been found by the United States Bureau
of Reclamation (1948} that for the Sandy soils occurring on the
vuma Mesa, Arizona, the water retained in a sample of soil at
the 1/10-atmosphere percentage satisfactorily approximates the
upper limit of available water under field conditions. Assum-
ing that the l5-atmosphere percentage does accurately estimate
the permanent wilting percentage, it is notable that Rock Creek
floodplain species occurring in early successional stages reguire
a constant supply of water in view of the almost non-existent
capacity to hold water. In contrast, the plant taxa occurring

at more advanced stages are more independent of the constant

water supply.
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In addition to the physical scoil properties, several
chemical soil properties were measured in the five successional
stages. The soil pH varied between 6.4 and 7.0 {(Table XII,
Appendix) for nearly all soil samples tested. The pH range is
probably optimum for many native plants and is thought to be

the optimum pH for Populus trichocarpa (Fowells, 1965). Changes

in the chemical soil properties measured only occurred signi-
ficantly in the upper 20 om. of soil.

Figure 19 shows that there is & significant increase in
the amount o©f organic matter in the soils of the advanced
guccessional stages. In most places in the Mature Forest, litter
of leaves and twigs covered the forest f£ioor to a depth of three
inches. A large amount of litter would be contributed annually
since all of the important trees and shrubs are diciduous.
However, for this litter to be mineralized and incorporated
into the soil would require that the site be free from flooding.
The organic matter is apparently being incorporated well into
the soils of the two most advanced stages of succession since
they have percentages of organic matter in the range of 10-12
percent. This high percentage of organic matter makes a
productive substrate in relation to mineral nutrients, food of
micro-organisms, water holding capacity and soll structure
(Daubenmire, 1959). It should also be pointed out that organic

matter is related to the nitrogen content of the soil, with the
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nitrogen generally being about 1/20 that of the organic matter
{Buckman and Brady, 1960). According to both lysimeter studies
{Bizzel and Lyon, 192?;.Lyon and Bizzel, 1936} and studies of
+he chemical characteristics of natural waters (Hem, 1959)
nitrogen in the form of nitrate is readily removed from the
coil. This factor is important in the floodplain habitat. IE
iitter and humus were continually removed by flcods the associ~
ated organic matter and nitrogen could not be replenished nearly
as quickly as they were removed.

Potassium, an important plant nutrient, was alsc measured
in the Rock Creek floodplain soils and shows a decided increase
with increasing vegetational development. That potassium is
abundant in most soils except sandy soils (Bizzel and Lyon,
1927; Lyon and Bizzel, 1938} is supported by evidence in Figure
19, which shows a marked increase in the better soils. Pot-
assium ie alsc very readily removed from the soil because it
combines easily with the products of weathering and its salis
are highly soluble {Hem, 1959). This factor could be important
in limiting the growth of some plant taxa at early suécessional
stages.

Tn contrast to nitrogen and potassium, phosphorus is very
tightly bound in the soil and lysimeter studies show only a
tvace found in leachate (Bizzel and Lyon, 1927; Lyon and Bizzel,

1936). Hem (1959} indicates that the analysis of phosphate is
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not usually included in the chemical analysis of natural water,
primarily because the amount is small enough to be ignored
without serious error. The amount of phosphorus in the soil
is also very small. Phosphorus is considered by biologists
and agronomists to be the most critical nutrient element in
the ecosphere (Cole, 1958; Odum, 1959). In the floodplain of
Rock Creek phosphorus does not appear toO change as markedliy
as the other elements with vegetational development. The
slightly higher concentration of phosphorus in the better soils
is probably because of the greater percentage of fine textured
material and the conseguently greater colloidal properties.
Buckman and Brady (1960} indicate that the amount of phosphorus
ranges from 0.10 to 0.15 percent on the average. In the Rock
Creek floodplain it reaches a maximum of about six parts per
million, which is much lower. ©Of the major nutrients considered
in this study it appears that phosphorus is probably the most
limiting at the late stages of successional development.

There is a close correlation between conductance measure-
ments and the concentration of cations in solution {Thorne and
Peterson, 1954). In regard to the Rock Creek floodplain, it is
gshown (Figure 19) that, in general, there are more cations in
the upper 20 com. of soil than in the goil below this level.
These conductivity measurements were taken on a saturation

extract and it has been pointed out by the U.S. Salinity
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Laboratory Staff {1954) that sands tend to be underrated with
regard to salinity by the saturation extract technique. This
is primarily because sands have a higher saturation percentage
than do other soils relative to the field moisture range. The
floodplain socils of Rock Creek are not saline, but these con-
giderations may cause conductivity readings to be low especially

in the early successional stages.

Use and Management of Floodplain Ecosystems

Man must be educated to the fact that they are integral
components of a vast and complex ecological system. Odum (1959)
has pointed out that man’'s power to change and control seems
to be increasing faster than man's realization and understanding
c¢f the results of the profocund changes of which he is now cap-
able. The floodplain is an area of considerable activity by
man and other organisms and the diversified interests of agri-
culture, recreation, water supply and flood control must Ccoop~-
erate in the wise management of the floodplain. It would seem
to be in the general interests of all concerned that the flood-
plain plant communities, especially those nearest the stream,
be left undisturbed. If a practicable program could be evolved
for fencing a strip of land parallel to each stream bank, it
is thought that the interests of all users of Rock Creek would

be vaiuably served.
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Table XIIT1. Location of areas from which soil samples in Table XII were
collected during the summer of 1966,

Ho. Location

i. Mature Forest - Hatural Area

2. Mature Forest -~ Matursl Ares

3. Immature Forest {(8tand I} - Grazed Aves

4, Immature Porest - Natural Area

5. Cottonwood-Willlow Stage - Grazed Area

6. Cottonwood-Willow Stage - Natural Arves

7. Young Cottouwosd Stage - Hatural Area

8. Young Cottonwood Stage -~ Beaver Lodge Fishing Access
9. Pioneer Stage - Beaver Lodge Fishing Access

6. Stand II {(Qentral Stamd) -~ Lrazed Area

ii. Stand IITI (South Stand) - Grazed Area

iz, Wet site in the natural sres with the iwmportant vegetative

cover beimg Alnus incana and Calsmogrostis canadensis.
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Table XIV. A systematic list of the plant taxa occurrimg on the flood-

plain and first terraces of Rock Creek. (Those species oc-
curring on the floodplain proper are marked by an asterisk).

ACERACEAE

Acer glabrum {(Rocky Mountain Maple)®
APOCYRACEAE

Apocynum androsaemifalium {Spreading Dogbane)
BERBERIDACEAE

Berberis vepens {(Ovregon Srape)®
BETULACEAE

Alnus incana (Thinleaf Alder)%
Betula occidentalis (Water Birch)¥

BORAGINACEAE

Cynoglossum officinale (Houndstongue
Hackelia floribunda (Many Flowered Stickseed)
Mertensia paniculata (Tall Bluebell)*
Myosotis micrantha (Slender Forget-Me-Not)*
Myosotis sylvatica (Alpine Forget-Me-Not)#

CAMPANULACEAE
Campanula parryl (Parry Harebell)*
CAPRIFOLIACEAE
Symphoricarpos albus (Common Sacwberry)*
CARTOPHYLLACEAE
Cerastium nutans (Longstem Chickweed)®
Cerastium vicsocum {(Sticky Chickweed)®
Lychnis alba (White Cockle)*
Gilene cucubalus (Bladder Silene)®
Stellaria longifolia (Leng leaf Chickweed}¥*

Stellarie wedia (Common Chickweed)®
Spergularia rubra (Red Sperry)*®
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Table XIV. Continued.

CHEROPODIACEAE

Salsols kali {(Russian Thistle}
Chenopodium album (Lamb's Quarter)®

COMPOSITAE

Achillea willefolium (Yarrow)*

Anaphalis margaritaceae (Pearly Everlasting)®
Antennaria dimorpha {(Low Pussvytoes)¥®
Antennaria vosea (Roge Pussvices)#
Arctium lappa (Great Burdock)¥

Arnica chamissonis {Arnica)*

Arnica longifoliaw

Artemisia campestris (Field Sageworp)®
Artemisle frigida {(Fringed Sagewort}
Artemisia ludoviciana (Cudweed Sagswort)
Artemlsia michauxians {(Michaux Sagebrusgh)#®
Artemisia tridentata (Big Sagebrush)®
Aster canescens {Hoary Aster %

Aster ciliclatus*

Bidens cernua (Nodding Reggartick)®
Centaurea waculosa (Spotted Knapweed)®
Chaensctis douglazil (Douglas Dusty Maiden)
Chryzanthemum leucanthemum {Oxeve Daisy)#
Chrysopsis wvillosa {Soclden-aster)
Cirsivavulgare {Bull Thistlie)¥

Cirsium arvense {(Canada Thistle)®
Erindelia squarrosa (Curlcup Gumweed)®
Hellanthus annus (Qommon Sunflower)
Liatrue punctata {Dotted Blazingstar)
Ratibida columnifers {(Prairie coneflower}
Rudbeckia laciniata {Cutlesf Coneflower)®
Senecioc indecorus®

Senscio gserra®

Solidago nana%

Solidago spatulata

Soachus asper (Prickly SBowthistle)#
Sonches uliginosus*®

Tarazicum officirvale {Common Dandelion)#
Tragopogon dublug {Common Saleify)

CONVOLYULACEASR

Convolvelug arvensis (Pleld Bindwaad)
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Table XIV. Continued.

CORNACEAE

Cornus stolonifera (Red Dogwood)¥

CRASSULACEAE

Sedum stenopetalum {(Yellow Stomecrop)#®

CRUCIFERAE
Barbarea orthoceras {(American Wintercress)®
Capsella bursa-pastoris (Shepherd's Purse)#®
Rorippa nasturtium-aquaticum (Watercress)®
Thiaspl arvense {(Fanweed}
CUPRESSACEAE
Juniperus communis (Common Juniper)¥*
Juniperus horizontalis (Creeping Juniper)#*
Juniperus scopulorum (Rocky Mountain Juniper)
CYPERACEAE
Carex nebraskaensis {(Webrasksa Sedge)¥®
Carex sp. (Sedge)#*
Eleocharis sp. (Spike-sedge}#*
ELEAGNACEAE

Shepherdia canadensis {Canadian Buffalo Berry)¥

ERICACEAE

Arctostaphylos uva-ursl (Kimnikinanick)#

Pyrola chlorantha (Greenish-flowered Wintergreen)
GERIANACEAE

Geranium richardsenii {(Richardson Geranium}®
Geranium viscosissismum (Sticky Geranium)®
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Table XIV. Continued.

GRAMINEAR

Agrostis alba (Redtop)*®

Agrostis gcabra {Ticklegrass)#

Agrostis wvariebilis (Alpine Bentgrass)¥®
Agropyron repens {(Quackgrass)¥

Agropyron smithii (Bluestem)

Agropyron spicatum (Bluebunch Wheatgrass)
Agropyron subsecundum (Bearded Wheatgrassj¥
Bromus inermis (Smooth Brome}

Bromus japonicus (Japanese Chess)

Bromus tectorum {Downy Chess Brome)¥®
Bouteloua gracilis {(Blue Grama)
calamogrostis canadensis (Bluejolnt)¥
Glyceria striata (Fowl Mamnnagrass)¥
Oryzopsis hymencides {(Indlian Ricegrass)
Phalaris arundinaceae {(Reed Canary Grass)¥
Phleum pratense (Timethy)¥®

Poa pratensis (Kentucky Bluegrass)¥
Sitanion hystrix {Squirreletail}

Stipa columbiana (Columbia Needlegrass)®
Stipa comata {(Needle-and-thread)

FYDROPHYLLACEAE
Phacelia hastata {Silverleaf Phacelia)
Phacelis linearis {Linesr-leaf Phacelia)

IRIDACEAE

Sisyrinchium montanum {(Hountain Blue-eved Grase)#¥

JUNCACEAE
Juncus effusus (Common Rush)¥
Juncus sp. (Rush}

LABIATAE
Mentha arvensis (Fleld Mint}#

Monarde fistulosa (Horse HMing)#
Salvia reflexa (Lance-leaved Sage)#
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Table XIV. Continued.

Saivisa sylvestris (Woodland Salvia)¥
Scutellaria galericulata (Marsh Skullcap)*

LEGUMINOSAE

Astragalus sp. (Milkvetch)

Lupinus lepidus (Pacific lupine)®

Medicago sativa (Alfalfa)

Melilotus alba (White Sweetclover)#
Melilotus officinalis (Yellow Sweetclover)¥
Trifolium dubium (Swmall Hop Clover)#*
Rifolium repens {White Clover)®

Vicia americana {(American Vetch)

LILIACEAE

Allivm textile

Colochortus nuttallii

Smilicina racemosa {(Feather Solomon's Seall®
Smilicina stellata (Starry False Sclomon'’s Seal)*
Streptopus amplexifolius (Large Twisted-stalk)*
Zygadenus Intermedius (Rocky Mountain Death Camag)

ONAGRACEAER

Epiloblum angustifolivm (Fireweed)

Epilebium latifolium (Broad-leaved Willow Herb)#
Epilobium sp. (Willow Herb)
Oenothera rydbergii (Rydberg's Evening Primrose)

ORCHIDACEAE
Corallorrhiza maculata (Large Spotted Coral-root)¥®
Habenaria hyperborea (Northern Green Bog-orchid)®
Spiranthes romanzoffians (Hooded Ladies Tresses)®
PIRACEAE

Pinus contorta {Lodgepole Pine)
Plnus flexilis {Limber Pine)
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Table XIV. Continued.

Pinus pondeross (Pounderose Pine)
Pseudotsuga taxifolls {(Douglas-fir)

PLANTAGIRACEAE

Plantago major {(EBroadleaf Plantain)®
Plantago purshii {Wooly Plantain)

POLEMONIACEAR

Collomlia linearis {(Harrow-leaved Q@iisgi&}*

POLYGONACEAE

Ericgonum umbellatum {(Sulfur ericgonum)
Rumex crispus (Curl BDock)®
Rumex venosus (Yeiny Dock)¥®

PORTULACACEAR

Lewlszla vediviva (Bitterroot)

PRIMULACEAE

Steivonema ciliatum (Fringed Loosestrife}#

RANUNCULACEAE

Actea rubra (Western Banebsrry)#

Anemoneg cylindrica (Candle Anemone}®

Aquilegila flavescens (Yellow Columbipe)®

Clematis lLingusticifolia (Western White Clematis)®
Delphinium bicolor (Low Larkspur)

Ranunculus acris {Tell Buttercup)®

Renunculus aguatilis (Aquatic Buttercup)¥®
Rapunculus glaberrisus {Sagebrush Buttercup)®
Ranunculus hyperboreus {High Horthern Buttercup)®
Thalictrum sparsifliorum (Few-flowered Mesadow RBue)®
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Table XI¥. Continued.

ROSACEAE

Agrimonia striata (Roadside Agrimony)}*
Amelanchier alunifolia (Western Serviceberry)
Fragaria vesca (Woodland Strawberry)®

Geum strictum (Yellow Avens)¥*

Potentilla gracilis (Northern Cinquefoil)
Potentilla pennsylvanica (Pennsylvania Cinquefoil)
Prunus virginiana (Chokecherry)#*

Rosa acicularis (Prickly Rose)*

Rubus idaeus (Red Raspberry)¥

Sorbus scopulina (Mountain Agh)¥®

RUBLACEAE
Galium boreale (Horthern Bedstraw)¥
Galivm trifiduost
SALICACEAE
Populus angustifolia (Narrowleaf Cottonwood)#
Populus tremuloides (Queking Aspen)¥
Populus trichocarpa (Black Cottonwocod)¥
Salix amygdaloides (Peachleaf Willow)*

Salix exigua {(Slender Willow)#¥
Salix sp. (Willow)®

SAXIFRAGACEAE

Parnassis palustris (Northern Parnassia)

SCROPHULARIACEAE

Castilleja linearisefolia (Wyoming Indian Paintbrush)¥

Linaris vulgaris (Butter and Eggs)*
Mumulus guttatus {(Cosmon Monkey Flowex)#
Mimulus lewisii (Lewis Monkey Flower)#®
Penstemon Rydbergii (Rydberg Penstemon)¥®
Yerbascum thapsus (Flannel Mullein)¥
Yeronica smericanz (American speedwell)}®
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Table XIV. Continued.

TYPHACEAR

Typha latifolis (Common Cattail)®

UMBELLIFERAE
Cicuta douglasii (Waterhemlock)®
Heracleum lanatum (Cow-parsnip)¥
Lomatiue cous (Mountain Lomatium)

URTICACEAE

Urticas disice {(Stingling HWetitle)®

VIOLACEAE

Violz arvensis (Pansy}®
Viola canadensis {Canada Viclet)*
vicla sp. (Violet)#®
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